INTRODUCTION
After the Chernobyl accident, the accumulations of 137 Cs in mushrooms were reported in various countries, mainly in Europe. [1] [2] [3] For example, high radiocesium concentrations reported in Europe were 40,000 Bq kg -1 (wet wt) in Hydnum rufescens and Suillus variegatus, 4) 142,000 Bq kg -1 (dry wt) in Xerocomus badius, 5) and 33,300 Bq kg -1 (dry wt) in Leccinium scabrum. 6) We have studied radiocesium in mushrooms collected in Japanese forests. [7] [8] [9] The range was found to be very wide, i.e., < 3 to 16,300 Bq kg -1 (dry wt), and the proportion of 137 Cs contributed by the Chernobyl accident was estimated to be 7-60% 7) and < 10-23%, 9) depending on the types of mushroom. In Japan, the consumption of cultivated mushrooms is much higher than of ones collected from forests. To estimate radiation doses through the consumption of mushrooms, we have studied the concentrations of 137 Cs and 40 K in about 100 edible mushroom samples taken from 11 different species that are commonly eaten in Japan. 10) These mushrooms were mainly collected in 1993. The contribution of mushrooms to the total dietary intake of these nuclides calculated in 1993 was about 32% for 137 Cs and 1.7% for 40 K, though the contribution by weight was very low, i.e., only 0.8%.
We have also reported the concentration of 137 Cs in mushrooms varying by cultivation method. 10) For example, two types of media, bed log (natural wood with bark) and mushroom bed (sawdust-rice bran media, sawdust:rice bran and/or wheat bran and/or nutriment material = 10:1.2-1.5 11) ), are now used for the cultivation of Lentinula edodes (shiitake), which is the most common mushroom in Japan. The 137 Cs concentrations were higher in samples cultivated on bed logs than those on mushroom beds. 10) Recently, the import from China of L. edodes cultivated in mushroom beds has been increasing, 12) and the production of L. edodes cultivated in bed logs has decreased markedly because of the production costs. In regard to Pholiota nameko (nameko) and Grifola frondosa (maitake), which were originally taken from forests or cultivated by the use of logs, the cultivation methods on mushroom beds have been developed, and most of these species that appear in the markets are now cultivated by the latter method. The 137 Cs concentrations in P. nameko and G. frondosa grown on mushroom beds may also be lower than those cultivated on bed logs or grown in forests.
More than 5 years have passed since our previous investigation of 137 Cs concentrations in mushrooms. In the meantime, the production method of some species has changed, and some new species have appeared in markets. For exam- . Therefore it is expected that the dietary intake of 137 Cs has changed considerably.
In this study, we have determined the concentrations of 137 Cs and 40 K in mushrooms available in food markets. From the analytical results and the consumption data of mushrooms, the effective dose equivalent through their intake has been estimated. The calculated value in this study was compared with that of our previous study, and the effective halflife of 137 Cs in shiitake cultivated on bed logs was estimated in comparison with the literature.
MATERIALS AND METHODS
About 30 samples belonging to 4 common edible mushroom species (Lentinula edodes, Hypsizigus marmoreus, Grifola frondosa, and Tricholoma matsutake) were bought into markets in Japan during October-December 2000. L. edodes, H. marmoreus, and G. frondosa were selected for reasons described in the introduction. T. matsutake (matsutake) was selected because of its high 137 Cs concentrations in our previous study.
10) The samples were generally freeze-dried and ashed at 450°C for 1 day in an electric furnace, except for samples with relatively high 137 Cs concentrations such as T. matsutake and L. edodes cultivated on bed logs. These two species were not ashed, but instead were pulverized with a cooking blender after being freeze-dried. About 10-50 g of ashed or pulverized samples were placed in plastic bottles ( Cs in bark might also be contaminated by stem flow after root uptake and foliar leaching of the canopy. Miura et al. 14) have reported 137 Cs contamination for L. edodes cultivated on bed logs. They found that the 137 Cs concentrations in L. edodes reflected that in the bark of logs. They measured 137 Cs concentrations in the bark and xylem of bed logs for mushroom cultivation and found that the bark contains higher 137 Cs than the xylem does. No difference of 137 Cs concentrations between the outer and inner xylems of bed logs was observed. They mentioned that the cause of 137 Cs contamination was not only an atmospheric deposition via the log surface, but also a soil contamination via root uptake. 10) The change of the cultivation method of this species, from using logs to using mushroom beds, might explain the observed decrease in concentration. 12) Shimizu et al. 15) reported that the geometric mean value of 137 Cs concentrations in G. frondosa bought in 1995 was 0.469 Bq kg -1 (wet wt), which is similar to our result for this species. It was thought that most G. frondosa were cultivated in mushroom beds in Shimizu's report. [wet wt]) within the common edible mushrooms in our previous study. 10) Since this mushroom is a mycorrhizal fungus grown in forest surface soils and its indoor cultivation is still very difficult, 16) the high 137 Cs concentration in this species is very likely to be caused by the higher 137 Cs concentrations in soil than in wood tissue. The higher 137 Cs concentrations in mycorrhizal fungi than in saprophytes are also observed in natural forest samples. 
DISCUSSION
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The representative concentrations (geometric mean concentrations of 137 Cs and arithmetic mean concentrations of 40 K) obtained for each mushroom species are shown in Table 2 , together with the geometric standard deviation for 137 Cs and the standard deviations for 40 K. Some species were not measured in this study because of the low-activity concentration of 137 Cs to be expected. In such instances we used data from our previous paper 10) for the calculation of radiation doses. However, no considerable contribution to the dose calculations from these species is expected, except for Pholiota nameko, because the consumption of these mushrooms is small and their cultivation method (mushroom beds) have not been changed much.
The cultivation method for P. nameko changed in recent years from the bed log to the mushroom bed method. 12) This possibly resulted in a decrease in 137 Cs concentrations in this species. The percentage of P. nameko cultivated in bed logs was about 1.5% of the total production of this species in 2000.
13) The
137
Cs concentrations in P. nameko in our previous study 10) was estimated without distinguishing the concentrations of mushrooms cultivated in mushroom beds from those grown in forests or cultivated on logs. Because most of this species has been produced by the use of mushroom beds in recent years, we recalculated its values by using the data of mushrooms cultivated only on mushroom beds.
In Table 2 , the annual consumption of each species per person is also shown. They are based on food consumption data in Japan and were calculated with the following equation: ; P, population in Japan (number of people older than five). 17) The daily intake of mushrooms by Japanese was calculated by the above equation to be 11 g per person.
The intake of radionuclides ( Table 2 . The annual intake per person through mushrooms (i.e., the sum of the intake from each mushroom species) was 3. K, its annual intake per person through mushrooms was as high as that reported in our previous study.
We have used our analytical results in estimating the contribution of mushrooms to the dietary intake of 137 Cs and 40 K. According to the "Radioactivity Survey Data in Japan, [19] [20] [21] " In Japan, dried L. edodes is produced from a mushroom cultivated on bed log, and that imported from China is made from a mushroom cultivated in a mushroom bed. Therefore the respective data are shown in the table for dried L. edodes. K). By using these values and the data obtained in this study, we calculated the contributions of mushrooms to the total diet to be 28% for 137 Cs and 1.9% for 40 K in the total intake.
The effective dose equivalent as a result of the consumption of mushrooms contaminated with 137 Cs is far below the level of 10 µSv per year and thus poses only a trivial risk to the Japanese population. The contribution of 40 K by far outweighs the contribution of 137 Cs to internal dose. The ingestion dose resulting from 40 K depends on the dietary intake of potassium and will therefore stay fairly constant.
In our previous study, the average annual intake per person through mushrooms was about 32% for 137 Cs and 1.7% for 40 K of the total dietary intake of these nuclides. The value for 137 Cs was lower than that in our previous study, though the 40 K value was similar. Shiraishi et al. 22) reported the dietary intakes of stable cesium and radiocesium by Japanese using 18 food categories. They found that the contribution of mushroom to dietary intake of 137 Cs was about 16%. Their result was higher than ours, and this might be related to the mushrooms used in their study. Since they used mainly L. edodes, the values should become lower than ours, which was calculated by using several mushrooms, including ones with higher concentrations. Gaso et al. 23) calculated the intake of 137 Cs through 30 local mushroom species collected from 1993 to 1999 in a seminatural temperate forest in Mexico. They reported that the mushrooms contributed 37% of 137 Cs and 4% of 40 K to dietary intake. The reported higher contribution may be related to the higher intake of wild mushrooms having higher 137 Cs contents than the cultivated ones.
The mushrooms showing the highest percentages of total mushroom consumption (see Table 2 and its footnote d) were fresh and dried L. edodes (41%), followed by F. velutipes (22%) and H. marmoreus (17%). However, the contributions to 137 Cs intake through F. velutipes and H. marmoreus were very small (3.5% and 2.1%, respectively). The highest contribution to 137 Cs intake was found to be from L. edodes. This mushroom is sold in fresh and dried forms, and consumption data are available for both. The amount of ). The decrease in the rate of the 137 Cs intake through L. edodes observed in this study is probably due to an increased use of mushroom beds in the cultivation of this species.
As a result of the decreased importance of L. edodes, the relative contribution of other mushrooms increased. For example, the contribution from T. matsutake, which is collected from forests, increased to 14% (0.44 Bq y ) in the previous study. The 137 Cs concentrations in T. matsutake were markedly higher than those in other mushrooms commonly eaten in Japan.
The variation of 137 Cs concentrations in L. edodes collected in different years
Several surveys on 137 Cs concentrations in L. edodes (shiitake) have been carried out in Japan. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] We compiled relevant data to estimate an effective half-life of 137 Cs in this species cultivated on bed logs. The list of the 137 Cs concentrations used in this study is shown in Table 3 . The relationships between the sampling years and the 137 Cs concentrations are shown in Fig. 2 . Cs in L. edodes cultivated on bed logs was estimated to be 9.4 y, which is much shorter than the physical half-life of 137 Cs (30.07 y). Mück 37) reported that mushrooms grown in forests typically follow an activity decrease by an effective half-life of 3-10 y, depending on mushroom type and site of growth. Our result is within this reported range, though mushrooms cultivated on bed logs cannot directly be compared with mushrooms grown in forests. On the other hand, Fesenko and Spiridonov studied the dynamics of 137 Cs concentrations in forest products. 38) According to the results shown in their figures, the half-life of 137 Cs concentration in fungi is estimated to be about 30 y. In mycorrhizal fungi, which has mycelia in a relatively deep layer, the 137 Cs concentration increased with time after deposition because of the migration of 137 Cs from surface soil to deeper layers. 39, 40) In consideration of our results and others, the half-life of 137 Cs concentration in mushrooms should be related to the sites of growth and to 137 Cs concentrations in places (or medium) where mycelia are growing.
We also estimated the effective half-life of 137 Cs in the average Japanese diet to compare it with the half-life of L. edodes. For data on the daily intake of 137 Cs through diet, we used values from "Radioactivity Survey Data in Japan. [20] [21] [22] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] " The geometric mean values were calculated every two years from 1988 and 2000. As a result, the half-life of the daily intake of 137 Cs through diet was estimated to be 6.9 y. This value is somewhat smaller than our result calculated for Cs data, we used only values that were indicated as "cultivation on bed logs" for samples produced after the mid-1990s. In the calculation of values from wet to dry weights, we used mean water contents of 85% for L. edodes.
a
The samples collected only in 1993 (indicated as sample code "ED" in the reference) were selected in the calculation. Cs concentration in diet would be influenced to some extent by this mushroom. However, there are also several factors (e.g., contributions from imported foodstuffs) that should be related to the half-life of 137 Cs in diet.
